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Abstract
From a re-analysis of pi+pi− → pi+pi− and pi+pi− → KK¯ data, we
found for pipi S-wave interaction below 2 GeV, σ(400), f0(980), f0(1500)
and f0(1780) clearly show up. f0(1370) can be included with a very small
branching ratio to pipi. f0(1300) and f0(1590) are not real resonances and
are due to interference effects of above resonances. The σ(400) with a width
about 700 MeV is mainly produced by t-channel exchange force.
Nearly all known mesons are bound states of a quark and an antiquark. The
qq¯ mesons containing u, d and s quarks can be ascribed into various 2S+1LJ SU(3)
nonets according to their spin S, orbital angular momentum L and total angular
momentum J. Among the lowest nonets, 1S0,
3S0 and
3P2 nonets are well estab-
lished; 3P1 and
1P1 are also settled although there are still some uncertainties [1];
only 3P0 nonet is very problematic: it has two opening positions for its isoscalar
part, while there are too many candidates, but none of them can fill in without
controversy. Now let’s have a look at these candidates.
• σ(300 ∼ 800) with width Γ = 200 ∼ 1000MeV [2].
It was listed in old PDG booklets[2] more than twenty years ago, but has
been dropped out in newer versions. However it is needed in the σ model,
the extended Nambu-Jona-Lasinio model and the nucleon-nucleon scattering
models; it is also needed to explain the low energy enhancement in pipi
invariant mass spectra from various production processes.
• f0(980) with a peak width about 50 MeV[1].
Due to its very narrow peak width, it was regarded to be difficult to be
ascribed as a qq¯ state. Many exotic explanations have been proposed for
it, such as KK¯ molecule[3, 4], multiquark state[5], and Gribov’s minion [6],
etc.
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• f0(1300) with Γ = 200 ∼ 400MeV and Γpipi/Γ > 90%.
It was commonly ascribed as a qq¯[1]. But we will see that it in fact does not
exist.
• f0(1370) with Γ = 200 ∼ 400MeV and Γpipi/Γ < 20%.
It is needed in fitting Crystal Barrel data on p¯p annihilations [7, 8] and some
other data[1], and was found decaying into pipi, ηη and dominantly to 4pi.
But it needs further confirmation[1].
• f0(1500) with Γ = 90 ∼ 150MeV .
This resonance was observed to decay into pi0pi0, ηη, ηη′ and 4pi0 in p¯p
annihilations by Crystal Barrel Collaboration[7, 8]. Then clear signals for
it were also found in J/Ψ → γ2pi+2pi−[9] and central production processes
of pp→ pppi+pi− and pp→ pp(2pi+2pi−)[10]. All these production processes
are traditionally believed to favour glueballs and the mass of the f0(1500) is
very close to the lattice-QCD prediction by UKQCD group[11]. Therefore
the glueball explanation was suggested for it[12]. Meanwhile it was also
suggested to be ρρ− ωω molecule[13] and qq¯ state[14].
• f0(1590) with Γ = 160 ∼ 200MeV .
The f0(1590) was observed by GAMS collaboration in pi
−p reactions at 38
GeV/c and was regarded as a glueball candidate for a long time [1].
• fJ(1710) with Γ ≈ 140MeV .
The fJ(1710) has been clearly seen in “glue rich” J/Ψ radiative decay and
its spin may be 0. But in central production, a structure at the same mass
was seen, but favors spin 2. So its spin is still uncertain[1].
• f0(1750− 1820) with Γ ≈ 150MeV .
There are some new evidences for this resonance in J/Ψ radiative decay[9]
and γγ fusion[15]. It is not established yet.
From the list, there are obviously too many 0++ particles to be explained as qq¯
mesons. Even assuming two radial excitation 3P0 qq¯ states below 2 GeV, we should
only have four 0++ qq¯ mesons. Then what are the others? Does it mean there are
definitely some exotic particles among them? Before we make any conclusion we
should consider another possibility: not all of them are real resonances.
A good place to examine them is S-wave pipi, KK¯ and ηη scattering amplitudes.
If a 0++ resonance has a substantial coupling to pipi, then it should show up clearly
in the pipi → pipi S-wave amplitude. Therefore we first examined the existing and
commonly used pipi → pipi S-wave phase shifts[19]. We found [16, 17] that among
0++ particles listed above only a broad σ(400) with a width about 700 MeV and
the f0(980) clearly show up. The broad σ(400) can be naturally explained by
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the t-channel ρ exchange[4, 17]. The f0(980) has a large decay width about 400
MeV, but appears as a narrow structure with a width about 46 MeV due to KK¯
threshold effect[16]. It is dominantly ss¯ mixed with KK¯ virtual states[17, 18].
Then how about other 0++ particles? From modern experimental results,
the old CERN-Munich solution[19] of pipi S-wave phase shifts is questionable for
energies above 1200 MeV. As a second step we re-analysed their original data for
pi−p→ pi−pi+n at 17.2 GeV. We found[20] that f0(1500) clearly shows up in the pipi
S-wave phase shifts. Recently we also re-analysed the original data for pi+pi− →
KK¯ from Argone[21] and Brookhaven[22]. We found[23] that a f0(1750−1820) is
needed. The isoscalar pipi → pipi S-wave amplitude squared is obtained as shown
in Fig.1. This is a very interesting spectrum. The broad σ(400) by t-channel ρ
exchange provides a very broad background, three resonances f0(980), f0(1500)
and f0(1780) superpose on it and therefore appear as dips. The peaks at 800, 1300
and 1590 MeV are caused by the interference effects, so they are not additional
resonances. For pipi → ηη S-wave intensity, the peak of f0(1590) is also caused by
a dip around f0(1500).
Figure 1: The isoscalar pipi → pipi S-wave amplitude squared.
As to f0(1370), since it has a very small branching ratio to pipi, it may have
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little influence on pipi S-wave amplitude and therefore is not excluded, but needs
further confirmation. For fJ(1710) it is quite possible containing two components.
Preliminary result from BES Collaboration[24] suggests that it is composed of a
2++ component below 1.7 GeV and a 0++ resonance at f0(1780).
In summary, for pipi S-wave interaction below 2 GeV, σ(400), f0(980), f0(1500)
and f0(1800) clearly show up. f0(1370) can be included with a very small branch-
ing ratio to pipi. f0(1300) and f0(1590) are not real resonances and are due to
interference effects of above resonances. The σ(400) with a width about 700 MeV
is mainly produced by t-channel exchange force. The f0(980) has a large decay
width as well as a narrow structure width due to KK¯ threshold effect. It is dom-
inantly ss¯ mixed with KK¯ virtual states, as well as some uu¯ + dd¯. Others can
also be accommodated by 13P0 and 2
3P0 qq¯ nonets, though we cannot exclude the
possibility that f0(1500) may be a glueball or glueball mixed with qq¯. All 0
++ qq¯
mesons are expected to have large mixing of ss¯ with uu¯+ dd¯ [25]. They may also
have admixture of virtual meson-meson states and some glue components.
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